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1
ADJUSTABLE FURNITURE

CROSS REFERENCE TO RELATED
APPLICATIONS

This application relates to and claims priority from PCT/
GB2010/001565 filed on Aug. 18, 2010, the entire contents of
which are incorporated herein by reference, which in turn
claims the priorities of the GB Application GB 0914436.1
filed on Aug. 18, 2009 and the GB Application GB 0918685.9
filed on Oct. 23, 2009.

FIGURE SELECTED FOR PUBLICATION
FIG.5
BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to adjustable furniture, for example
chairs, beds or the like in which the position of one part of the
furniture can be moved relative to another. The adjustment
may be powered using electrical motors or the like or manual.

2. Description of the Related Art

Adjustable chairs are known in which the angle of the
backrest can be changed in order to provide a recline position
and/or in which a moveable footrest can be moved forwards
and outward. Recliner chairs of this type are available in
which the adjustment is achieved manually or by one or more
electric motors. Some motorised chairs have the ability to
incline the seat of the chair to assist the user out of the chair
from a seated position to a standing position. Adjustable beds
are also known in which a head and upper back supporting
part of the bed can be moved to adjust the inclination of that
part relative to other parts of the bed. So called ‘zero-wall’
recliner chairs have been developed which enable the recliner
chair to be positioned with the backrest near the wall of a
room or other item of furniture but also allow the backrest to
be reclined without interfering with the wall. This can be
achieved by the backrest movement being coordinated with
movement of the seat and the surrounding structure of the
chair which the backrest is pivotally connected to.

Typically the moveable parts of such items of furniture are
supported upon relatively complex support arrangements,
usually including a series of metal linkages, pins and bushes,
with the linkages being moveable to allow the moveable part
or parts of the furniture to travel through their respective
range of movement. Such support arrangements are often
mechanically complex, heavy and costly making transporta-
tion, handling and use awkward. These considerations place
severe restrictions on furniture design. For example, an oper-
ating mechanism for a typical recliner chair with footrest may
weigh in the region of 16 Kg or so. The complex series of
linkages and connections in known support arrangements
often results in manufacturing variations, due to tolerances
etc, which affects the stiffness or resistance to movement of
the moving parts. This is a particular disadvantage in the case
of manually operated furniture where identical items of fur-
niture may require different degrees of effort to be applied by
the user to adjust the furniture.

There is a requirement, therefore, for an improved support
arrangement for adjustable items of furniture, in particular a
support arrangement which is mechanically less complex,
less heavy and less costly than hitherto known arrangements.

ASPECTS AND SUMMARY OF THE
INVENTION

According to an aspect of the present invention there is
provided an article of adjustable furniture comprising a base,
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an intermediate support and a back support, the intermediate
support being guided for movement relative to the base by
first guide means, the back support being guided for move-
ment relative to both the base and intermediate support by
second guide means, said second guide means including at
least one guide associated with one of the base support and the
back support and at least one follower associated with the
other of the base support and the back support; whereby the
back support is mounted for pivotal movement with respect to
the said intermediate support and the first and second guide
means are arranged such that, in use, pivoting of the back
support relative to the intermediate support causes the inter-
mediate support to move with respect to the base.

The above aspect of the present invention therefore pro-
vides an article of adjustable furniture in which the interme-
diate support and back support are moveable with respect to
each other and the base support in a coordinated manner by
means of the respective first and second guide means.

In a preferred embodiment the first and second guide
means are arranged to provide coordinated pivotal movement
of the back support relative to the base and intermediate
support and linear movement of the intermediate support with
respect to the base. The article of furniture may therefore be
arranged to provide a so-called ‘zero-wall’ arrangement.

Preferably the back support provides at least part of a lever
arrangement, movement of which lever arrangement also
moves the intermediate member with respect to the base. In
this way significant mechanical advantage may be achieved
by utilising the back support of the item of furniture for
example the backrest in a chair, as a lever to move the inter-
mediate member with respect to the base, for example, in a
forward linear direction in the case of a zero-wall chair. In this
way the weight of the seated user’s upper body can be dis-
tributed to actuate the lever to pivot the back support and
thereby move the intermediate support forward. The back rest
of an adjustable bed may be used in much the same way,
typically by moving the backrest using an electrical actuator
which will move the intermediate support with respect to the
base to provide “zero-wall” functionality.

In preferred embodiments the second guide means pro-
vides a fulcrum about which the lever arrangement acts to
move the intermediate member with respect to the base. In
this way the fixed part of the second guide means defines a
fulcrum point for providing the mechanical advantage (lever-
age) to move the intermediate support with respect to the
base.

The intermediate support may be arranged to move in a
linear motion with respect to the base, preferably in an
inclined linear motion in a recliner chair so that as the inter-
mediate support moves forward with respect to the base sup-
port, the intermediate support follows an upward inclined
linear trajectory with respect to the base. In this way the above
aspect of the present invention is particularly suited for use in
a zero-wall recliner chair or sofa arrangement. In such an
arrangement the seated user’s body weight is balanced in the
sense that the weight of the seated user’s upper body is gen-
erally supported by the back support when being reclined, and
the weight of the user’s lower body is supported by the inter-
mediate support, such that the arrangement is inherently
counter-balanced during movement of the moveable parts. In
adjustable bed embodiments it is envisaged that the move-
ment of the intermediate support will preferably follow a
non-inclined linear path.

In preferred embodiments the back support is pivotally
connected to the intermediate support by at least one connect-
ing lever, which connecting lever is pivotally connected to the
intermediate support. This arrangement readily enables the
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back support to be fixedly secured, preferably in attachable/
detachable manner, as is common with knock-down furni-
ture, at one end of the connecting lever, with the other end of
the connecting lever being pivotally connected to the inter-
mediate support. This lever arrangement defines the pivot
axis of the back support.

The connecting lever preferably includes the guide of the
second guide means and accommodates the respective fol-
lower. In this way the guide and follower prevent the back
support and connecting lever pivoting downwards under
gravity with the article of furniture in its normal orientation.
Thus, engagement of the guide and follower of the second
guide means resists downward pivotal movement of the back
support about its pivot axis. In other embodiments the con-
necting lever includes or is associated with the follower of the
second guide means and the base support includes the respec-
tive guide.

Preferably the guide of the second guide means is curvi-
linear having one or more curved sections. In this way down-
ward movement of the back support about its pivot axis
effects movement of the intermediate support with respect to
the base support.

Preferably the second guide means provides a fulcrum
point for the connecting lever. In this way the fulcrum point,
relative to the connecting lever or guide, moves along the
length of the guide during pivotal movement of the back
support about its pivot axis. This movement causes the pivot
axis to move relative to the fulcrum point which, in arrange-
ments where the follower is fixed in relation to the base,
causes the pivot point to move along the path determined by
the geometry of the guide.

In preferred embodiments each guide comprises a slot,
groove, track or the like in which the follower(s) is/are
located. This readily provides for the transmission of reaction
loads between the various support elements.

In preferred embodiments the followers comprise rollers,
bearings or the like. Preferably each follower is provided by a
roller bearing, the outer element of which is located in a
respective groove.

Preferably the base comprises a chassis on which the inter-
mediate support is mounted. The present invention contem-
plates embodiments where the chassis is constructed partially
or entirely of metal, wood or plastics material or a combina-
tion of two or more such materials. The base stands the article
of furniture on the floor, and as such supports the weight of the
furniture in addition to any load that is applied to the furniture.
Thebase may be provided with castors, legs or the like as used
in the furniture industry.

In preferred embodiments a seat support, in the case of a
recliner chair or sofa, or an upper back support in the case of
an adjustable bed, is fixed with respect to the intermediate
support such that the seat or upper back support moves with
the intermediate support during adjustment of the article of
furniture.

The first guide means may include at least one guide asso-
ciated with one of the base and intermediate support and at
least one follower associated with the other of the base and
intermediate support.

Preferably the guide(s) of the first guide means is/are asso-
ciated with the intermediate support and the follower(s) is/are
associated with the base, and the guide(s) of the second guide
means is/are associated with the back support and the follow-
er(s) is/are associated with the base, or vice versa. In this
respect the followers of both the first and second guide means
may be advantageously fixed relative to the base support
structure such that the position of the followers remains sta-
tionary during adjustment of the chair, with the guides of the
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respective first and second guide means being moved with
respect to followers during adjustment.

In one preferred embodiment the intermediate support
includes a pair of lateral side panels that are spaced apart. The
side panels may include the guides of the first guide means
which accommodate the respective followers. Preferably, the
guides of the first guide means are provided as respective slots
in the side panels. In this way it is possible to readily provide
guide slots in an accurate and repeated position in the respec-
tive side panels, particularly in items of furniture where the
side panels are constructed of MDF or similar types of board
material cut using CNC manufacturing methods.

Ina preferred embodiment each side panel comprises a pair
of slots which are inclined to guide the intermediate support
upwards and forwards (in the normal orientation of the item
of furniture) with respect to the base when the back support is
pivoted downwards from an upright or partially reclined posi-
tion.

Preferably the back support is pivotally connected to the
respective lateral side panels. This readily enables the back
support to function as a lever for driving the intermediate
support in the manner as hereinbefore described when the
back support is pivoted about its pivot axis.

In a preferred embodiment the intermediate support
defines an outer support and the base defines an inner support.
In this way it is possible for the aforementioned lateral side
panels which constitute part of the intermediate support to be
positioned on the outer side of the item of furniture with
respect to the base support. In this way the moving parts of the
furniture may be shielded by the lateral panels. The present
invention also contemplates other arrangements, in particular
where the intermediate support forms an inner support with
respect to the base support which forms an outer support.
Other embodiments are contemplated where the base support
and associated components of the first guide means associ-
ated with the base are substantially located in a void between
adjacent panels and/or other structural components of the
item of furniture, such as the frame of a side aim which may
be constructed with an internal cavity open at the end of the
frame facing the base support (floor) to receive the compo-
nents of the base support therein.

The article of furniture may comprise a recliner chair or a
multiple seat, sofa or settee in which one or more of the
seating parts functions as a recliner chair, for example, in a
two seat sofa both seats may be constructed in accordance
with the above aspect of the present invention to provide an
arrangement in which both seats function as recliners.

The back support may comprise the backrest, or at least the
frame for the backrest, of a recliner chair or adjustable bed.
The intermediate support may comprise the moveable frame
of the chair including the seat or seat support and/or arm or
arms of the chair. The base support may comprise the floor
stand on which the intermediate support is mounted for move-
ment. It is to be understood of course that where reference is
made to recliner chair in the context of the present invention,
the term ‘recliner chair’ is to be construed to include not only
chairs but also multiple seat sofas or settees where one or
more of the seats has a recliner function, as previously men-
tioned.

In preferred embodiments first and second guide arrange-
ments are provided at both lateral sides of the chair, or recliner
seat of a multiple seat sofa, such that the, or each, seat is
supported and guided by the respected guide arrangements on
both sides thereof. In this way the seat support may be con-
sidered to be simply supported at respective positions on both
lateral sides of the chair rather than supported on one side
only as in a cantilever type arrangement. Thus, the above
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aspect of the present invention contemplates arrangements
where the, or each, seat is supported and guided by respective
first and second guide means on both lateral sides thereof.

The above and other aspects, features and advantages of the
present invention will become apparent from the following
description read in conjunction with the accompanying draw-
ings, in which like reference numerals designate the same
elements.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will now be more particularly
described, by way of example only with reference to the
accompanying drawings, in which:

FIG. 1is a perspective view of a known type of upholstered
recliner chair in an upright configuration;

FIG. 2 is a similar view of the chair of FIG. 1 but in a
reclined configuration;

FIG. 3 is a perspective view from above of a recliner chair
support arrangement and recliner operating mechanism
according to an embodiment of the present invention;

FIG. 4 is a view of the support and recliner arrangement
and mechanism shown in FIG. 3 with many of the compo-
nents parts omitted from the drawing;

FIG. 5 is a detailed perspective view of one side of the
recliner and support mechanism of the arrangement shown in
FIGS. 3 and 4,

FIG. 6 is a perspective view of the chair of FIG. 3 from a
different angle with the left-hand side panel and foot rest
board shown;

FIG. 7 is a perspective view similar to that of FIG. 6 with
the left hand side panel removed to reveal the detail of the
support and recliner mechanism;

FIG. 8 is a view similar to that of FIG. 7 but with the front
footrest panel removed to reveal further detail of the support
and recliner mechanism;

FIG. 9 is a view similar to that of FIG. 8 but with both left
and right hand side panels removed;

FIG. 10 is a view similar to that of FIG. 9 with the backrest
frame, seat support panel and footrest panel removed to show
further detail,;

FIG. 11 is a detailed perspective view similar to FIG. 10
with further components removed including the footrest
catch and its associated support;

FIG. 12 is a view similar to FIG. 11 with most of the
components removed showing the detailed spatial arrange-
ment of the various guides associated with the support and
recliner mechanism of the embodiment of the recliner chair
shown in FIGS. 5 to 13;

FIG. 13 is a detailed perspective view of the region indi-
cated at X in FIG. 12.

FIG. 14 is a perspective view of part of a support and
adjustable operating arrangement for a recliner chair con-
structed in accordance with a second embodiment of the
invention;

FIGS. 154 to 15¢ comprise a series of side views of the
arrangement shown in FIG. 14 in various positions of adjust-
ment;

FIGS. 16a to 16d comprise a series of side views of the
arrangement shown in FIG. 14 when viewed from the side
shown in FIG. 14;

FIGS. 17a to 17¢ comprise a series of perspective detail
views of part of the arrangement shown in FIG. 14.

FIG. 18 is a perspective view from the rear of a recliner
chair support arrangement and recliner operating mechanism
according to a further embodiment of the present invention;
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FIG. 19 is a perspective view of the support and recliner
arrangement and mechanism shown in FIG. 18 with various
components parts omitted from the drawing;

FIG. 20 is a side elevation view of the support and recliner
arrangement of FIG. 18 with the backrest upright and footrest
deployed;

FIG. 21 is a side elevation view similar to FIG. 20 with the
backrest moved to a half reclined position.

FIG. 22 is a perspective view from above and rear of parts
ofa recliner chair support arrangement and operating mecha-
nism according to a further embodiment of the present inven-
tion;

FIG. 23 is a side elevation view of the arrangement of F1G.
22;

FIG. 24 is a rear elevation view of the arrangement of
FIGS. 22 and 23.

FIG. 25 is a side elevation view of an adjustable bed
according to another embodiment of the present invention;

FIG. 26 is a perspective view from below of the underside
of the adjustable bed of FIG. 25;

FIG. 27 is a perspective view from above of the adjustable
bed of FIG. 25, with various parts omitted for clarity;

FIG. 28 is a perspective view from above showing the same
component parts of the bed of FIG. 25, with the parts posi-
tioned in a raised configuration of the bed;

FIG. 29 is a perspective view of component parts of the bed
of F1G. 25;

FIG. 30 is a plan view of the parts shown in FIG. 29;

FIG. 31 is a side elevation similar to that of FIG. 25 with an
outer panel of the bed omitted to show internal detail;

FIG. 32 is a similar view to that of FIG. 31 with a further
panel omitted;

FIG. 33 is a perspective view from below showing the
underside of the bed when in a raised position;

FIG. 34 is a side elevation view similar to that of FIG. 32
with the bed in a part raised position;

FIG. 35 is a side elevation view similar to that of FIG. 34
with the bed raised further; and

FIG. 36 is a side elevation view similar to FIG. 35 with the
bed in it fully raised position.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

A recliner chair of the general type to which embodiments
of'the present invention relate is shown in an upright configu-
ration in FIG. 1 and a reclined configuration in FIG. 2. The
illustrated chair is of the upholstered type with a moveable
backrest and footrest support, the latter of which projects
forwards and outwards when deployed.

Referring now to FIGS. 3-13 which show the support
arrangement and moving parts of a recliner chair arrangement
according to an embodiment of the present invention.

FIG. 3 is a perspective view of the support and operating
mechanism of a recliner chair arrangement according to an
embodiment of the present invention. The support and oper-
ating mechanism 10 shown in FI1G. 3 is the same as that shown
in FIGS. 3-13 which various components removed in the
series of drawings to reveal the detail of the support and
operating mechanism. In FIG. 3, for example, the lateral side
panel 12 shown in FIG. 6 and the footrest support 14 have
been removed to reveal the detail arrangement of the internal
parts.

Referring to the drawings a support and operating mecha-
nism 10 for an adjustable recliner chair comprises a base
support 16, an intermediate support 18, and a backrest or back
support 20. The base support 16 constitutes the floor standing
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part of the chair and comprises a pair of lateral chassis legs in
the form of [-Section elongate members 22 which extend
parallel to each other on the lateral (left and right hand) sides
of the chair. The chassis legs are preferably of metal, more
preferably steel, construction and are connected together at
the front and rear of the chair by front and rear cross-members
24 and 26, which are typically of wooden construction, for
example MDF board or the like but of course could also be
metal if desired. The cross-members 24 and 26 are shown in
the drawing of FI1G. 3 but omitted from the drawings of FIGS.
4 and 5 where it can be seen that a series of apertures 27 are
provided at the front and rear of the chassis legs for receiving
fixing screws or the like for attaching the cross-members to
the respective chassis legs. The chassis legs 22 and cross-
members 24, 26 constitute floor support members to which
castors or the like may be attached for contact with the floor
on which the chair is positioned.

The chassis legs 22 each carry a pair of upstanding mem-
bers 28,30, including a triangular shape upstanding member
28 positioned towards the front of the chair and an upstanding
member 30 positioned between the mid-point and rear of the
chair. The upstanding member 30 also has a generally trian-
gular configuration. In this embodiment both upstanding
members 28 and 30 are constructed of metal, preferably steel,
and are joined to the respective chassis legs 22 by welding or
suitable fixing means such as bolts, screws or the like. A roller
bearing 32 is mounted at the distal end or apex of the upstand-
ing member 28. The upstanding member 30 carries a further
roller bearing 34 partway along its length between the chassis
rail and its distal end. The roller bearing is mounted on the
outward facing side of the upstanding member 30 such that
the bearing 34 lies in the same plane as the bearing 32 for
engagement in respective raceway slots 36 and 38 provided in
the lateral side panels 12 at appropriate spaced apart loca-
tions. The slots 36 and 38 constitute inserts, preferably of a
plastics material such as nylon or glass reinforced nylon, and
fit into correspondingly shaped slots in the respective lateral
side panels 12 of'the intermediate support 18. The slots 36 and
38 are inclined with respect to the bottom edge 40 of the
respective side panels, such that movement of the side panels
in a forward direction or the chair, as indicted in the direction
42in FIG. 4, results in the movement of the side panels having
an upward component which raises the bottom edge 40 of the
side panels with respect to the respective chassis legs which
lie parallel to the side panels 12 for supporting the chair on the
floor on which it stands.

It is to be understood that in the drawings of FIGS. 3-5 and
7-13 the slot inserts 36, 38 are shown in their respective in-situ
positions relative to the other illustrated components, that is to
say where they would be positioned relative to the other parts
of'the adjustment arrangement if the respective side panels 12
which hold the inserts were present.

The rear upstanding members 30 are each provided with a
perpendicular tab 44 on the inward facing side of the upstand-
ing members. The tabs 44 provide a connection point for a
further cross-member 46, as shown in FIG. 3, which is pref-
erably constructed of an MDF type board material or the like
and connected to the respective tabs by bolts, screws of other
fixing means. The cross-member 46 stiffens the upper region
of'the upstanding members 30, the distal ends of which carry
a further roller bearing 48. The roller bearing 48 is located in
a plane off-set from the plane of the bearings 32 and 34. This
is achieved by means of a slight crank or step in the upstand-
ing support 30 between the position of the two bearings the
support carries, namely bearings 34 and 48. In this way bear-
ing 48 is positioned in a plane offset slightly towards the
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interior region of the chair. The reason for this offset will
become apparent from the description that is to follow.

The lateral side panels 12 constitute part of an intermediate
support structure of the chair, which intermediate support
structure is moveable relative to the base structure by a guide
arrangement which includes the bearings 32, 34 and respec-
tive slots 36 and 38, as previously described. In the context of
the present invention the bearings 32, 34 and corresponding
slots 36, 38 in the respective panels 12 constitute first guide
means for determining the movement of the intermediate
support with respect to the base support.

As previously mentioned the left hand side panel 12 shown
in FIG. 6 has been removed from the view of the support and
operating mechanism of FIGS. 3, 4 and 5. However, it is to be
understood that the respective lateral side panels 12 are con-
nected together to form a rigid structure by means of a cross
member 50 at the rear of the chair and a generally rectangular
seat frame 52 which extends substantially along the length of
the respective side panels and is fixed to the panels at a
plurality of locations as best shown in FIG. 3.

The seat frame 52 comprises an outer rectangular frame,
preferably of metal such as steel but embodiments are also
contemplated in which the seat or frame is a wood or MDF
structure. The seat frame supports the seat (not shown) of the
chair in a manner well known to those skilled in the art. The
lateral sides of the seat frame 52 are provided with a plurality
of projecting mounting blocks 54 which connect the frame to
the respective lateral side panels and space the lateral elon-
gate parts of the frame from the side panels. In this respect it
will be understood that the seat frame constitutes part of the
intermediate support and being fixed with respect to the lat-
eral side panels 12 moves in the same way as the side panels
with respect to the base support. This movement is resisted by
the provision of a pair of parallel coil springs 56 each of which
is fixed at one end to a respective upstanding member 30
between bearing 34 and 48 and at the other end to a connector
(not shown) on the inward facing surface of the respective
side panels 12. The coil springs 56 resist movement of the
intermediate support with respect to the base support by bias-
ing the base and intermediate support to the position shown in
FIGS. 3 to 5 with the roller bearings 32 and 34 positioned in
the uppermost ends of the respective inclined slots 36 and 38.

The back support 20 comprises a generally rectangular
frame 58 having a pair of lateral side panels 60 and cross
members 62, 64 and 66 at respective lower, intermediate and
upper end positions to create a box like structure as is well
known in the art. The box frame backrest structure 58 is
preferably constructed from MDF or other board like material
with metal brackets 68 attached to the outward facing lateral
sides towards the lower end of the backrest so that the back-
rest 58 can be slid on and off correspondingly shaped con-
nectors 70 at the distal end of a pair of arcuate lever arms 72.
The lever arms 72 are provided on both sides of the backrest
and pivotally connect the backrest to the respective lateral
side panels 12 by means of a pivot pin 74 at the opposite end
of the lever to the connector 70. The pivot pins 74 on the
respective levers 72 define the pivot axis of the backrest which
is fixed in relation to the intermediate support by the pivot
pins. Movement of the backrest about its pivot axis in con-
strained by a second guide means arrangement comprising
the respective roller bearings 48 which run in respective slots
76 formed on the inward facing side of the respective lever
arms 72, that is to say on the side of the lever arms that faces
into the interior of the item of furniture. The guide slots 76 are
provided along intermediate sections of the levers between
the pivot point 74 and connectors 70 and are formed with a
U-shape cross section such that the rollers engage the upper
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lip or wall ofthe U-section. Engagement of the roller bearings
48 with the respective upper lip part 80 of the U-shape cross
section ensures that the seat back does not fall (pivot) down-
wards under its own weight about its pivot axis. The weight of
the backrest is supported by the reaction at the bearings 48
with the upper engaging lip or wall 80 of the slots 76. In this
respect it will be understood that the turning moment pro-
vided by the weight of the back support including the backrest
frame and seat cushion etc, is reacted at the bearing 48 by an
opposite moment due to the reaction force generated at the
bearing 48 and carried by the base support structure. It is to be
understood that the geometric relationship between the posi-
tion of the various bearings 32, 34 and 48, the position of the
pivot 74, the position and inclination of the slots 36 and 38 and
the shape of the guide 76, in particular the upper lip surface
which engages the bearing 48, is such that pivotal movement
of the backrest drives the intermediate support forward and
upward in a co-ordinated manner, coordinated with the move-
ment of the backrest to ensure a natural progression between
the different positions of the chair. Pivotal movement of the
backrest about its pivot axis is constrained by the inter-en-
gagement of the bearings 48 and the respective guide surfaces
80, such that as the support arms rotate the bearings follow the
cam guide surfaces 80 of the support arms which generates a
reaction force at the pivot pins 74 which drives the backrest
and intermediate support relative to the base in the linear
direction of the guide slots 36, 38.

It will be understood that if a force is applied to the backrest
to rotate, that is recline, the backrest with respect to the
intermediate support by turning the back support about its
pivot axis, a component of the reaction force generated at the
bearings 48 will cause the intermediate support to move
upwards and forwards as previously described. Thus, with a
seated user a reclining motion can be achieved by the user
applying their upper body weight to the back rest to cause itto
pivot about the backrest pivot axis to drive the intermediate
support and associated seat cushion supporting the other part
of the seated user’s body weight upwards and forwards in an
essentially counter-balanced motion. In this respect it will be
appreciated that the user’s own body weight is distributed in
a counterbalanced manner to the extent that substantially half
the user’s body weight counterbalances the other half during
a reclining movement, or a reverse movement which returns
the chair from a reclined configuration back towards an
upright configuration. In this respect it will be further under-
stood that the pivot axis defined by the pivot pin 74 is prefer-
ably positioned at or near to the position of the seated user’s
hips to optimise the counter balanced operation of the recliner
chair to provide a recliner chair which requires minimum
effort on the part of the seated user to move between its
reclined and upright positions.

The inclined and forward (upwards) movement of the
intermediate support when the seat back is reclined gives the
chair, according to this embodiment of the present invention,
the characteristics of a “zero wall” type of chair since the
pivot point of the seat back moves forward towards the front
of the chair and away from any obstruction that may other-
wise occur if the chair were not constructed with this particu-
lar design function. It will be understood by those skilled in
the art that as the back rest pivots downwards about its pivot
axis the position of the fulcrum, as defined by the bearings 48,
moves with respect to the centre of pressure applied to the
back rest by the seated user when reclining the chair.

In the embodiment shown in FIGS. 3 to 13 the illustrated
recliner chair forms part of a two-seater sofa or settee in
which the second seat (not shown) is substantially a mirror
image of'the illustrated seat with the plane of symmetry being
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arranged down the plane of the lateral side panel, that is to say
the right hand side panel as would be the case from the datum
of the seated user in the left hand part of the two-seater sofa
illustrated in the drawings. It will be appreciated therefore
that the lateral side panels 12 will be different in this embodi-
ment since the left hand lateral side panel, as illustrated in
FIG. 6, will have greater depth in order to accommodate a side
aim of the item of furniture. It will be understood that a
recliner chair arrangement would require an arm on both sides
and therefore the right hand lateral panel 12 would in such an
embodiment be replaced by one similar to the left hand lateral
panel shown in FIG. 6.

The present invention also contemplates embodiments
where the article of furniture is an adjustable bed having a
base support, an intermediate support and a back support, the
latter being provided by the backrest and head supporting part
of an adjustable bed. Embodiments of an adjustable bed are
described in detail below.

The drawing of FIG. 3 also shows part of the support and
operating mechanism for a footrest. The footrest board 14
shown in FIG. 6 has been omitted from FIG. 3 so as to reveal
in detail the various parts of the support and operating mecha-
nism. The footrest board 14 is pivotally connected, in a man-
ner to be described in greater detail below, to an ottoman
board arrangement 78 which is slideable in a drawer-like
manner on inclined guide tracks 80 secured to respective
inward facing sides of the left and right hand lateral side
panels 12. The position of the guide tracks 80 is shown more
clearly in the drawings of FIGS. 4 and 5, without the movable
ottoman board 78. The inclined guides 80 constrain the board
to follow an inclined translational movement as defined by
the orientation and inclination of the guides 80. Engagement
means (not shown) are provided along the respective lateral
edges of the board 78 to engage the guides 80. The guides 80
are preferably constructed of metal, most preferably steel,
whereas the board 78 is preferably MDF which is scalloped at
82 to reduce weight.

A pair of so-called constant force springs 84 are provided
for biasing the board 78 outwards from the internal region of
the chair in the direction indicated by 86 in FIG. 3. The
constant force springs provide the actuation force necessary
to deploy the board 78 outwards in the direction 86. The
constant force springs 84 each comprise a coil of strip mate-
rial which is biased against unwinding so that when the free
end of the strip is unwound, the bias force of the spring is such
to reel in the payed out part of the elongate strip. It will be
appreciated by those skilled in the art that this type of con-
struction is used in the construction of steel coil type tape
measures and the like. In the present embodiment the respec-
tive coils 84 are secured to the ottoman board on the upper
facing surface of the board towards the rear end thereof. The
free ends of the strip 86 are secured to the inward facing
surface of the respective lateral side panels 12. The coils 84
are secured towards the edge of the panel 78 adjacent to the
side panels 12, such that the length of the strip that is deployed
from the coil essentially runs parallel to the panels 12. Thus,
the tension in the spring urges the ottoman panel 78 outwards
in the direction 86. The extent of movement of the board 78 is
determines the maximum payed out length of the coil spring
which occurs when the board is in its retracted position as
shown in FIG. 3, in which position the board is retained by
means to be described below. The board 18 therefore acts as
a drawer-type structure which is biased open but retained in
its retracted, or closed, position by a latch or other retaining
means as is well known to those skilled in the art.

As previously mentioned the footrest board 14 is shown in
its retracted position in FIGS. 6 and 7. In FIG. 7 the lateral
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side panel 12 is removed from the drawings to reveal the detail
of the support and operating mechanism of the chair. In FIG.
7 the free end 87 of the constant force spring can be clearly
seen, although of course the end is secured to the lateral panel
12 in the actual arrangement. Further detail is revealed in the
drawing in FIG. 8 where the footrest board 14 is removed
from the drawing for the purpose of illustrating the interior of
the operating mechanism. In this drawing it can be seen that
the ottoman board 78 is provided with a pair of hinges 90
secured on its underside, with one part of the hinge being
attached at the forward edge of the board 78. The other part of
both hinges connects to the rear face, or the underside, of the
footrest board 14 to pivotally connect the footrest board 14 to
the forward edge of the ottoman board. The footrest board 14
is pivotally connected in a position substantially mid-way
between its upper edge 92 and lower edge 94, that is with the
upper and lower edges being defined in the normal upright
configuration of the chair when the footrest is retracted, as
shown in the drawings of FIGS. 6 and 7. Pivoting of the
footrest board 14 from its vertical configuration shown in
FIG. 6 to its more general horizontal deployed configuration
is achieved by securing flexible material between the upper
edge 92 of the footrest board and the seat frame 52, preferably
to the front end member 96 of the seat frame shown in FIGS.
3 and 8. Webbing or the like (not shown) may be secured to the
transverse member 96 at the front of the seat frame and
secured in the region of the top edge 92 on the rearward/
underside of the footrest board 14 so that when the board 78
moves forward to deploy the footrest board a turning moment
is created by tensioning of the webbing or similar material to
turn the upper edge 92 about its central pivot axis. It will be
appreciated that by pivoting the footrest board near or about
its midpoint between upper and lower edge 92 and 94 retrac-
tion of the footrest can be easily achieved by the seated user
applying gentle pressure by their heels to the board in the
region of the lower edge 94. This will turn the footrest board
from a horizontal to an inclined orientation so that further
lowering of the user’s lower legs will cause the board to
retract substantially towards the position shown in FIG. 7,
with the weight of the seated user’s lower legs acting against
the biasing force of the constant force springs 84.

The footrest board 14 is held in its retracted position by
means of a latch arrangement, as can best be seen in FIG. 10.

In FIG. 10 a latch arrangement 98 includes a bracket 100
mounted on the underside of the footrest board 14 (not shown
in FIG. 10) which carries a pin (not shown) which is engaged
by a latch lever 102 mounted on a bracket 104 secured to the
cross-member 24 (also not shown in FIG. 10). The latch 102
is biased to its closed position to lock the footrest board 14 in
its retracted position, as shown in FIG. 7. As is well known in
the art, remote operation of the latch lever 102 is provided by
a cable release such as a bowden-cable type arrangement
which is operated remotely by the user, preferably from the
side of the chair.

In a recliner chair according to the illustrated embodiment
the footrest can be operated independently of the recliner part
of the chair, such that the footrest can be deployed from its
retracted vertical position to a substantially horizontal posi-
tion independently of the reclining movement of the chair.
This configuration is often referred to as the “T'V position™. In
a powered embodiment a single electrical linear actuator ma
be provided first to drive the footrest outwards to its deployed
position so that the chair adopts the “TV position”, with
further extension of the actuator driving the intermediate
support forward and upward relative to the base with the back
rest support following due to the guide and pivot arrangement
hereinbefore described. This can be readily achieved in pow-
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ered embodiments in which a single linear actuator is secured
at one end to part of the base structure and at its other end to
the footrest or footrest deployment/retraction arrangement
such as the ottoman board 78 in the illustrated embodiment.

Although the forgoing description refers mainly to the
drawings of FIGS. 3 to 6, it will be understood that the
drawings of the FIGS. 3 to 13 are various views of the same
embodiment, with the view of FIG. 7 being similar to that of
FIG. 6 with the lateral side panel 12 removed to reveal the
detail of the support structure and operating mechanism of the
chair. In the drawing of FIG. 7 it will be understood that the
guide slots 36 and 38 are shown schematically since they are
fixed within correspondingly shaped slots in the removed side
panels, and they are shown orientated as they would be if the
lateral side panels were present. In FIG. 8 the drawing of FIG.
7 is further modified by the removal of the front footrest panel
14 so reveal further detail of the chair.

In the drawing of FIG. 9 (right hand side) the other lateral
side panel 12 has been removed from the drawing of FIG. 8
but additional detail has been added, including the second of
the two constant force springs 84.

In the drawing of FIG. 10 further detail has been removed
from the drawing including the back support 20, which in this
embodiment is detachably attachable in the sense that the
back support may be removed for transportation and storage
purposes in a manner well known in the art of knock-down
furniture construction. In the drawing of FIG. 10 the seat
frame support 52 has also been removed from the drawing, as
well as the board 78.

In the drawing of FIG. 11 the latch arrangement has been
removed, and in the drawing of FIG. 12 the actuator mecha-
nism for the footrest is removed so that only the major com-
ponents of the base support associated guide slots 34 and 38
and support levers 72 are shown.

FIG. 13 shows in close-up the detail of the second guide
means for guiding the movement of the backrest support,
including the detail of the upstanding support 30, the roller
bearing 48, pivot pin 74, lever arm 72 and U-section guide slot
76 on the right hand side of the chair as illustrated in FIG. 5.

Referring now to FIG. 14 which shows part of a recliner
chair arrangement according to a second embodiment of the
invention. The view of FIG. 14 is similar to that of FIG. 5 in
that it shows one side of a support and operating mechanism
for a recliner chair, sofa or the like. The general principle of
construction and operation of the arrangement shown in FIG.
14 is substantially the same as that in the previous embodi-
ment in that there is provided a base support 16 an interme-
diate support 18 and a back support 20. In this embodiment
the L-section chassis legs 22 are replaced by a planar support
panel 110 having a sphinx-shape profile which, on the other
side of the panel to that shown in the drawing of FIG. 14
carries three roller bearings at three positions indicated 112,
114 and 116 in the drawing. The roller bearing 118 rotatably
mounted on the other side of the panel at 116 is equivalent to
the bearing 48 in the previous embodiment but instead of
engaging the upper lip of the guide 76 the bearing 118 is
engaged by a curved surface 120 on the lower part of the back
support arm 122 which is rotatably connected to the side
panel 124. The side panel 124 constitutes part of the interme-
diate support and is equivalent to the panel 12 in the previous
embodiment.

Referring now to FIGS. 15a to 15e¢, and in particular to
FIG. 15a which shows a side view of the support and operat-
ing arrangement of FIG. 14 as viewed in the direction indi-
cated 125 in FIG. 14. In the side view of FIG. 15a it can be
seen that the side panel 124 comprises a pair of inclined
parallel and offset slots 126 and 128 which are equivalent to
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guide slots 36 and 38 in the previous embodiment. The guide
slot 126 accommodates a roller bearing 130 which is rotat-
ably mounted to the base support member 110 at 114. The
guide slot 128 accommodates a roller bearing 132 which is
rotatably mounted to the support member 110 at 112. In this
respect it will be understood that the three roller bearings 118,
130 and 132 are equivalent to the bearings 48, 32 and 34
respectively in the previous embodiment.

The side panel 124 differs slightly from the side panel 12 of
the first embodiment in that it includes an upstanding portion
134 at the rear of the panel which includes a radial slot 136
which accommodates a pair of roller bearings 138, 140 rotat-
ably mounted on the side of the back support arm 122. The
back support arm 122 is therefore rotatable relative to the
intermediate support panel 124 about an axis coincident with
the centre of curvature of the slot 136.

The support and operating arrangement of the second
embodiment of the present invention is particularly suitable
for manufacture from board material such as MDF or similar
high strength low cost material. The base support member
110 is preferably manufactured from such a board by CNC
machining the profile, followed by attachment of the roller
bearings at the appropriate locations. Similarly the planar side
panel 124 is preferably also manufactured by CNC machin-
ing to include the guide slots etc. The back support arm 122 is
preferably also manufactured in this way. It is to be under-
stood that a recliner chair would include two such support and
operating arrangements shown in FIG. 14 spaced apart by a
distance determined by the width of the seat of the chair. In
preferred embodiments the intermediate support panel 124 is
arranged on the outside of the chair with the base support
member 110 on the inside, however embodiments are envis-
aged with the base support 110 on the outside and the inter-
mediate support panel 124 on the inside.

FIGS. 154 to 15¢ show the support and operating arrange-
ment of FIG. 14 in various positions from a fully upright
position in FIG. 154 to a fully reclined position in FIG. 154,
with intermediate positions being shown in 155, c and e. As in
the first embodiment of the invention the three main supports,
base, intermediate and back, cooperate in such a way that the
movement of the back support arm about its pivot axis is
coordinated with the movement of the intermediate support,
with respect to the base, a linear upwards and forward direc-
tion when the back support arm is pivoted downwards. The
movement of the support and operating arrangement of the
recliner chair in the second embodiment is substantially simi-
lar to that of the first embodiment in that the reaction forces
generated at the bearing 118 and guide surface 120 urge the
intermediate support forward and upwards as previously
described with respect to the first embodiment.

The movement referred to in FIGS. 154 to 15e is shown
from the other side of the support and operating arrangement
in FIGS. 164 to 164, starting from the fully upright position in
16a, progressively through to the fully reclined position
shown in FIG. 164.

Referring now to the sequence of detailed perspective
views of FIGS. 17a to 17¢, which show the detail arrangement
in the region of the second guide means towards the rear of the
chair where the back support arm 122 is supported about its
axis by the roller bearing 118. The shape and curvature of the
cam profile guide surface 120 determines the relative motion
of the moveable parts 122 and 124 both with respect to each
other and the base support 110. The curvature of the guide
surface 120, like the guide slot 76, is determined such that
during the pivotal movement of the back support sufficient
reaction forces exist between the bearing 118 and the guide
surface 120 that the downward pivotal movement of the back
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support causes the intermediate support to move forwards and
upwards as determined by the guide slots 126, 128 and
respective bearings 130 and 132. Itis to be understood that the
curvature of the guide surface 120, and for that matter the
guide slot 76 and in particular the upper lip 80, is important to
the correct functioning of the support and operating arrange-
ments described.

FIGS. 17a to 17¢ show the respective parts of the support
and operating arrangement when the recliner chair is in the
upright configuration (FIG. 174) in a reclined configuration
(FIG. 176) and an intermediate position (FIG. 17¢).

A further embodiment of a support and operating mecha-
nism 10 for an adjustable recliner chair is illustrated in FIGS.
18-21. The embodiment of FIGS. 18-21 is substantially iden-
tical to the embodiment of FIGS. 3 to 13, with modifications
to the footrest support and operating mechanism as will be
described in detail below. In the drawings of FIGS. 3-13 and
18-21 the same reference numerals are used for the same
component parts.

FIG. 18 is a perspective view from the rear and above of a
support and operating mechanism 10 according to the third
embodiment of the present invention. FIG. 19 is a perspective
view from the rear of the support and operating mechanism of
FIG. 18 with the left hand side panel and footrest panel
omitted for clarity. The recliner part of the support and oper-
ating mechanism of FIGS. 18 to 21 is substantially identical
to that described above with reference to the embodiment of
FIGS. 3 to 13. The footrest part of the support and operating
mechanism is different. As can be seen in the drawing of F1G.
18 The footrest board or panel is pivotally connected to a pair
of elongate arcuate mounting arms provided on both lateral
sides of the chair. The panel 14 is pivotally connected to the
arms 140 at a point substantially midway between the top and
bottom edges 92, 94 with the pivotal connections between the
arms 140 and the panel 14 provided in the plane of the panel
14 in respective apertures 142. In this way the pivot axis of the
panel is positioned in the plane of the panel, preferably in the
middle of the panel between the front and rear planar surfaces
of'the panel. This is advantageous in terms of foot rest deploy-
ment and retraction since it provides for a counterbalanced
footrest that can be readily rotated about its pivot axis by the
seated user by the action of applying a slight amount of
pressure to the furthermost extended half of the panel, as in
the configuration shown in FIG. 18, by movement of the
seated user’s ankles to create a slight turning moment to cause
the panel to rotate and then retract as will be described in more
detail below.

The arcuate mounting arms lie parallel with respect to each
other on opposing sides of the support and operating mecha-
nism 10 between respective side panels 12. The arms 140 are
connected together at various positions along their length by
tubular cross-members 144,146 and 148 to provide a rigid
frame structure. It is to be understood that this rigid frame
structure may be considered the equivalent of the movable
ottoman board 78 in the first embodiment of FIGS. 3 to 13. In
common with the ottoman board 78 the rigid frame structure
is mounted for movement with respect to the side panels 12 on
brackets 80' which in this embodiment are provided with a
curved flange 150 which engage corresponding curved guide
recesses 152 in the respective arms 140 to guide the arms
along a curvilinear path between the retracted and deployed
position of the footrest.

As can best be seen in the drawing of FIG. 18, a gas strut
154 is provided for biasing the footrest outwards towards its
deployed position. The gas strut is anchored at one end (not
shown) to part of the intermediate support structure 18 and is
connected at its extension end to a cord 156 which is held
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under tension by the gas strut between two anchorage points
158 at the end of the respective arms 142 furthest from the
footrest panel 14. The gas strut 154 and cord 156 may be
considered the equivalent of the constant force coil springs 84
in the embodiment of FIGS. 3 to 13. A release catch (not
shown) is provided in a similar way to that of the first embodi-
ment of FIGS. 3 to 13 for holding the foot rest in its retracted
(vertical) position against the biasing force of the gas strut
154, which catch is released by means of a Bowden cable as
previously described and well know in the art.

Referring now to FIGS. 20 and 21, in the upright (non-
reclined) TV position of FIG. 20, the footrest board 14 is
deployed outwards and upwards by the footrest operating
mechanism previously described. FIG. 21 shows the frame of
the chair moved to its half reclined position by rotation of the
backrest support 20 about its pivot axis at 74 which causes the
intermediate support 18 including the side panels 12 to move
upwards and forwards with respect to the base along a trajec-
tory defined by the slots 36, 38. The forward component of
this movement provides the so called “zero wall” function.
Said first guide means including at least one guide associated
with one of the base and intermediate support and at least one
follower associated with the other of the base and intermedi-
ate support

Referring now to FIGS. 22 to 24, which show part of a
recliner chair arrangement according to a fourth embodiment
of the invention. The general principle of construction and
operation of the arrangement shown in FIGS. 22 to 24 is
substantially the same as that in the previous embodiments in
that there is provided a base support 16 an intermediate sup-
port 18 and a back support (not shown), the same reference
numerals being used in the drawings of FIGS. 22 to 24 to
indicate the same or similar components present in the pre-
vious embodiments. It will be understood that the fourth
embodiment is substantially a hybrid of the first and second
embodiments in that like the second embodiment the L-sec-
tion chassis legs 22 of the first and third embodiment are
replaced by a planar support panel 110 similar to the support
panel of the intermediate support in the second embodiment.
In the fourth embodiment the panel 110 carries three roller
bearings atthree positions indicated at 112, 114 and 116 in the
drawings. The roller bearing 118 rotatably mounted on the
side of the panel at 116 is provided in two parts, that is to say
two roller bearing elements are provided on the same shaft or
pin so that the two bearing elements are coaxially aligned at
116. One of the bearing elements 118a (shown as hidden
detail by the hatch lines in the drawing) is equivalent to the
bearing 48 in the first and third embodiments and engages the
upper lip 80 of a respective guide 76 on a backrest bracket 72,
the second bearing element (not shown) engages a third guide
slot 160 in the panel 110, the third guide slot and second
bearing elements comprise part of the aforementioned first
guide means including the slots 126, 128 and bearings 130,
132 with the third slot 160 arranged parallel to the other two
slots 126, 128 in the panel. As can be seen in the drawings the
backrest support bracket 72 is pivotally mounted to the panel
by pin 74 as previously described with reference to the
embodiments of FIGS. 3 to 13 and 18 to 22. In the embodi-
ment of FIGS. 22 to 24 the side panel 110 of the intermediate
support is positioned inboard of the base support panel 110,
but it is to be understood that embodiments are also envisaged
where the base support panel is inboard of the intermediate
support panel.

A fifth embodiment of the present invention comprises an
adjustable bed 210 shown in FIGS. 25 to 36.

Embodiments of the present invention also include adjust-
able beds.
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FIGS. 25 to 36 show schematically an adjustable bed 200
according to a fifth embodiment of the present invention. The
bed 200 comprises an adjustable back support section 202, a
fixed middle support section 204, an adjustable upper leg
support section 206 and lower leg support section 208.

InFIGS. 251027 and FIGS. 31 and 32 the bed 200 is shown
in its lowered configuration with the back support section
202, middle support section 204 and leg support sections 206,
208 lowered where the adjacent support sections lie substan-
tially flat above a base support 210. The support sections 202,
204,206, 208 comprise respective adjacent flat planar panels
212, 214, 216, 218 which support respective adjacent mat-
tress support cushions or pads 220, 222, 224, 226 which
combine to provide a mattress support foundation on which a
suitable mattress (not shown) is supported to provide a so
called “soft edge” adjustable bed. The bed 200 is a double bed
but the present embodiment contemplates beds of many dif-
ferent widths including standard single size beds to much
larger doubles.

As can best be seen in FIG. 26, the base support 210
comprises a generally rectangular frame constructed by a
board type material which may be an engineering plastic,
MDF, timber or other fibre type board for example. The base
support frame 210 includes a pair of elongate lateral side
panels 228, 230 which are joined together near their respec-
tive ends by cross member panels 232, 234 to form a rectan-
gular box type structural support frame. The base support
frame 210 constitutes the floor standing part of the bed 200
and in this respect the support frame may stand directly on the
floor or be provided with castors, feet or the like as is well
know in the art.

An intermediate support in the form of a movable carriage
236 is mounted within the interior region of the base support
frame 210 on the underside of the body support sections 202,
204,206, 208. The intermediate support 236 can best be seen
in the drawings of FIGS. 27 and 28 where the body support
panels 212-218 and their associated mattress support cush-
ions 220-226 are omitted from the drawings for clarity. In
FIG. 27 the illustrated component parts of the bed are shown
positioned with the bed in its normal flat configuration. In
FIG. 28 the illustrated parts are shown with the bed positioned
in a fully upright configuration. The intermediate support
carriage comprises a pair of elongate parallel side panels 238,
240 disposed adjacent the lateral left and right hand side
panels 228, 230 of the base support frame. The panels 238,
240 are symmetrically identical such that the mounting
arrangement on one side of the bed is the same as the other.
The panels are rigidly joined together by a pair of parallel
cross members 242, 244 which are spaced apart along the
length of the bed. The panels 238, 240 are preferably con-
structed from a board material such as MDF or an engineering
plastic as commonly used in the furniture industry and suit-
able for CNC machining. The cross-members 242, 244 may
be constructed from the same material as the side panels but
may also be metal, preferably steel for supporting applied
actuator loads to move the various body sections as will be
more fully described below. The cross-members 242, 244 are
each provided with respective actuator mounting brackets
246 at the mid point along their length.

The back support panel 212 is pivotally mounted to the
intermediate support carriage by a pair of load support mem-
bers 248 attached to and extending from the underside of the
support panel 212. The load support members 248 are spaced
apart and located at laterally spaced positions on the panel
212 so that they lie substantially adjacent to the respective
side panels 238, 240 of the intermediate support on the inter-
nal side thereof such that rolling element bearings 250a,
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2505, 250c¢ (FIGS. 29, 30 and 31) rotatably mounted on the
sides of the load bearing members 248 locate, and are held
captive in, respective arcuate slots 252 in the respective pan-
els 238, 240. The load bearing support members 248 consti-
tute a connecting lever pivotally mounting the back rest sup-
port 202 with respect to the intermediate support.

The upper leg support panel 216 is similarly pivotally
mounted to the intermediate support carriage by a pair of load
support members 254 attached to and extending from the
underside of the support panel 216. The load support mem-
bers 254 are spaced apart and located at laterally spaced
positions on the panel 216 so that they lie substantially adja-
cent to the respective side panels 238, 240 of the intermediate
support on the internal side thereof such that rolling element
bearings 256a, 2565, 256¢ (FIGS. 29 and 30) rotatably
mounted on the sides of the load bearing members 254 locate,
and are held captive in, respective arcuate slots 258 in the
respective panels 238, 240.

The mid section panel 214 is fixed with respect to the
intermediate support carriage immediately between the back
and upper leg support panels 212, 216 in the lowered con-
figuration of the bed as shown in FIG. 25. The lower leg
support panel 218 is pivotally connected to the upper leg
support panel 216 along their respective adjoining edges by
hinges 260.

The load bearing members 248 and 254 are substantially
planar having a crescent shape and are designed such that they
lie substantially flush with a small clearance of a few milli-
meters or so) with the respective side panels 238, 240 of the
intermediate support, within the envelope of the base support
carriage in the lowered configuration of the bed as shown in
FIGS. 26 and 27, with the panels 212-218 lying substantially
flat on or just above the top edge of the base support frame
210. The load bearing support members 248, 254 are each
provided with inwardly projecting planar elements 266 which
extend perpendicular to the plane of the support members to
provide mounting members for engagement with and fixing
to the underside of the respective panels 212 and 216.

The load bearing support members 248 are rigidly con-
nected together by means of a cross-member 262, and simi-
larly the load bearing support members 254 are connected
together by a cross-member 264. The cross-members 262,
264 are each provided with actuator mounting brackets 268 at
a mid point along their length, each for connection to one end
of a respective linear actuator (not shown).

As can best be seen in the drawing of FIG. 29 each load
bearing member 248 is provided with rolling element bear-
ings 250a, 2505, 250c¢ located on that side of the support
member facing the adjacent side panel of the intermediate
support carriage. The bearings 250a and 2505 are of similar
construction and comprise a single rolling element bearing
mounted on an upstanding pin extending from the surface of
the load bearing member. The third bearing 250c¢ is slightly
different in that it comprises a pair of bearing elements 250¢'
and 250¢" aligned coaxially on a longer pin. This arrange-
ment is shown further in the plan view of bearing 250¢ in F1G.
30 where the outer most bearing element 250¢" is located
approximately twice the distance from the load bearing sup-
port member than the first bearing element 250¢'. The bear-
ings 250a, 2505 and 250c¢ are located at positions indicated
270a, 2705 and 270¢ on the other side of the support member
248 shown in the drawings of FIGS. 26-28.

The bearing arrangement on the load bearing support
members 254 is similar to that described above in relation to
support members 248, except that is that all three bearings
256a, 2565 and 256¢ are of the single element type as 250a
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and 2505, and positioned respectively at positions 272a, 272b
and 272¢, as indicated on the reverse side of the support
members in FIGS. 26-28.

On both sides of the bed bearings 2564, 2565 and 256¢ are
located in slot 258 so that the movement of the support mem-
bers is constrained by the movement of the bearings in those
slots 258. This provides the panel 216 and hence the upper leg
support section 206 with pivotal movement, with respect to
the intermediate support, with the pivot axis defined by the
centre of curvature of the slots 258 and with the extent of
travel being determined by the length of the slot and the
separation of the bearing elements 2564 and 256c¢ in the slot.
The range of pivotal movement of the support members 254 is
defined by the ends of the slot 258 and the separation of the
respective bearings 2564 and 256¢ by abutment of a respec-
tive one of the bearings with a respective end of the slot. The
bearings 2564 and 256¢ may be spaced apart by a maximum
distance corresponding to approximately half the length of
the curved slot 258.

Similarly bearings 250a, 2505 and 250¢' are located in slots
252 so that the movement of the support members is con-
strained by the movement of the bearings in the slots 252.
This provides the panel 212 and hence the back support
section 202 with pivotal movement, with respect to the inter-
mediate support, with the pivot axis defined by the centre of
curvature of the slots 252 and with the extent of travel being
determined by the length of the slot and the separation of the
bearing elements 250a and 250¢' in the slot. The range of
pivotal movement of the support member 248 is defined by
the ends of the slot 252 and the separation of the respective
bearings 250a and 250¢' by abutment of a respective one of
the bearings with a respective end of the slot. The bearings
250q and 250¢' may be spaced apart by a maximum distance
corresponding to approximately half the length of the curved
slot 252

The position of the slots 252 and 258 can best be seen in the
drawing of FIG. 31 where the side panel 228 has been omitted
for clarity for the purpose of illustrating the adjustment
arrangement of the bed in greater detail. Although only one of
the panels 228 of the intermediate support is shown in the side
elevation drawing of FIG. 31 it is to be understood that the
panels 228, 230 are substantially identical to one another,
each having a pair of curved guide slots 252, 258 for accom-
modating support bearings 250a-¢' and 256a-c as previously
described. The first guide slot 250 is provided in the rearward
half of the panel 228 and the second slot 258 in the forward
half of the panel. The centre of curvature 274 of the first slot
258 is positioned at the adjoining edges of the adjacent mat-
tress support cushions 222, 224 so that in use adjustment of
the bed between its various positions does not cause compres-
sion of the mattress located on top of the support cushions in
the region of the adjoining edges. Likewise The centre of
curvature 276 of the second slot 252 is positioned at the
adjoining edges of the adjacent mattress support cushions
220, 222 so that in use adjustment of the bed between its
various positions does not cause compression of the cushions
or the mattress located on top of the support cushions in the
region of these adjoining edges.

The position of the bearing elements 250a-c and 256a-c is
illustrated in the drawing of FIG. 31 when the bed is in its
lowered configuration, with the bearing 256c¢ at the rear end of
the front slot 258 and the bearing 250a positioned at the front
end of the rear slot 250. The

The position of the bearing elements 250a-c and 256a-c is
also illustrated in the drawing of FIG. 32 in which the side
panel 240 is also removed to show further detail. In this
drawing the position of the front and rear slots is indicated by
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slot inserts 252" and 258" which are illustrated in their in-situ
position as if the side panel 240 were present. The inserts 252"
and 256' provide a hardwearing bearing surface for the bear-
ing elements 250a-c' and 2564a-c and fit in appropriately sized
slots in the respective side panels of the intermediate support
carriage and function in a similar way to the slot inserts 32, 38
in previous embodiments. In the drawing of FIG. 32 the
relative position of the slots 252 and 258 and the load bearing
support members 248, 254 can be seen for the bed in its
lowered configuration. The side elevation of FIG. 32 also
more clearly illustrates the profile of the load bearing support
members 248 and 254, including the angled abutment face
278 at the forward end of the load bearing support members
254, the purpose of which will be described in detail below.

The drawings of FIGS. 31 and 32 also illustrate the manner
in which the intermediate support carriage is movably
mounted with respect to the base support 210. Each side panel
238, 240 is provided with three rolling element bearings
280a-c, positioned at spaced apart locations along the length
of'the respective panels, mounted on bearing pins upstanding
from the surface of the respective panel and projecting
towards the adjacent outer panel 228, 230 of the base support
in which bearing engagement slots 282a-c are provided for
receiving respective slot inserts 282a'-c. The inserts 2824'-c'
are shown in their respective in-situ positions in the drawings
of FIGS. 31 and 32 although the side panel 240 in which they
are mounted has been omitted for the purpose of illustration.
The inserts 2824'-c' are located in blind slots provided on the
inward facing surface of the respective side panels 228, 230.
Part of the rear slot insert 282¢' can be seen in the drawing of
FIG. 26 and part of the forward slot insert 2824’ in the drawing
of FIG. 33.

The slots 282a-c¢ and corresponding inserts 282a'-c' are
linear and aligned along the length of the panels 228, 230 to
guide the intermediate support carriage in a non-inclined
linear parallel direction with respect to the base support dur-
ing adjustment of the bed between its various positions. The
slots and inserts are substantially identical and generally
equally spaced along the mid part ofthe bed. The slots 280a-c¢
are blind in that they do not create apertures in the side of the
panels 228, 230, but are deep enough to accommodate the
respective inserts and rolling element bearings 280a-c fixed
to the intermediate support carriage. This arrangement con-
stitutes the aforementioned first guide means in this embodi-
ment of the invention.

A fourth slot 284 and insert 284' combination is provided
towards the rear of the panels 228, 230 which accommodates
the bearing element 250¢" mounted on the rear load bearing
support member 248. This arrangement constitutes the afore-
mentioned second guide means in this embodiment. The
fourth slot 284 is curvilinear having first and second curved
sections 286, 288. The first section 286 has a curvature that
matches that of the slot 252 and is coincident with the rear part
of'that slot when the bed occupies a position between the fully
lowered position and the half raised position of FIG. 34. In
this range of relative movement the bearing 250¢" moves
freely in the first section 286 as the back support is raised to
the half raised position of FIG. 34, then the curvature and
direction of the slot changes abruptly. The second section 288
has a different centre of curvature to the first section and rises
more gently along the length of the panel 228, 230 than the
first section. This change in curvature generates a reaction
force between the bearing element 250¢" and the second
section 288 of the slot, which forces the intermediate support
carriage forward relative to the base support along guides
280a-c as aturning moment is applied (by one of the actuators
or otherwise) n to the back support section of the bed. As the
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back support section is raised beyond the intermediate posi-
tion of FIG. 34 the bearing 250¢" is forced to move along the
second section of the slot and the resistance that is generated
by the reaction of the bearing element with the upper surface
of the slot 288 drives the intermediate section forward with
respect to the base support. This resultant motion is similar to
the relative motion of the support and intermediate support
sections of the chair arrangements of the previous embodi-
ments where the back rest is moved. In the present embodi-
ment similar coordinated movement occurs when the back
support section of the bed is moved when it is raised to
provide a backrest in the upright configuration of the bed.
Thus, the bed described in this embodiment also functions as
a zero wall item of furniture. This is particularly advanta-
geous in the context of adjustable beds as it enables the user
to retain access to beside furniture etc, as the relative position
of'the user relative to that furniture does not change when the
back rest is raised or lowered, as the movement is compen-
sated by the linear forward or backward movement of the
intermediate support carriage on which the body support
sections are mounted.

The relative positions of the various parts of the bed as the
configuration of the bed is adjusted from the fully lowered
configuration to the fully raised configuration can be seen by
following the sequence of drawings of FIG. 32 (fully low-
ered), FIG. 34 (half raised), FIG. 35 (intermediate between
half raised and fully raised) though to FIG. 36 (fully raised).
Each drawing presents the same part side view of the bed
construction as FIG. 32 and illustrates the relative positions of
the bearings in the respective slots as the bed is moved from
one configuration to another.

In the illustrated embodiment movement of the bed
through the various positions shown is effected by means of
two linear electrical actuators of the type commonly used in
adjustable furniture arrangements, including a first actuator
(not shown) connected between bracket 246 on cross-mem-
ber 244 and bracket 268 on cross-member 262 for moving the
back support section 202, and a second linear actuator (not
shown) connected between bracket 246 on cross-member 242
and bracket 268 on cross-member 264 for moving the leg
support sections 206. It will be understood by those skilled in
the art that the relative position of the linear actuator jacks on
theunderside of the bed 200 is particularly advantageous, first
because the force vector applied by the actuators actually
follows the movement of the load bearing support panels as
they move, since both ends of the actuator are pivotally con-
nected to the respective aforementioned brackets, and second
because the force vector is always offset, by a significant
distance, to the respective pivot axis, 274, 276 about which
the turning moment generated by the actuator is applied, thus
providing the powered arrangement with considerable
mechanical advantage.

As can best be seen by comparison of the drawings of
FIGS. 32 and 34 the angled abutment surface 278 at the end of
each load bearing support member 254 serves to limit the
extent of pivotal movement at the hinge connection 260
between the panels 216 and 218. When the support members
begin to rotate about their pivot axis at 274 both sections 208
and 206 begin to lift but hinge apart until the position of FIG.
34 is reached when the abutment surface 278 engages the
underside of the panel 218. This provides a useful “knee
break” function where the users’ lower legs are not raised
until a comfortable relative position of the upper and lower
part of the limbs is first achieved.

The invention claimed is:

1. An article of adjustable furniture comprising:

a base;
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an intermediate support; and

a back support, the intermediate support being guided for
movement relative to the base by a first guide means, the
back support being guided for movement relative to both
the base and intermediate support by a second guide
means, said second guide means including at least one
guide associated with one of the base support and the
back support and at least one follower associated with
the other of the base support and the back support, the at
least one guide of the second guide means being shaped
as an arcuate curve having no inflection point;

whereby the back support is mounted for pivotal move-
ment with respect to the intermediate support and the
first and second guide means are arranged such that, in
use, pivoting of the back support relative to the interme-
diate support causes the intermediate support to move
with respect to the base.

2. An article of furniture as claimed in claim 1 wherein said
first and second guide means are arranged to provide co-
ordinated pivotal movement of the back supportrelative to the
base and intermediate support and linear movement of the
intermediate support with respect to the base.

3. An article of furniture as claimed in claim 1 wherein the
back support provides at least part of a lever arrangement,
pivotal movement of which also moves the intermediate
member with respect to the base.

4. An article of furniture as claimed in claim 3 wherein the
second guide means provides a fulcrum about which said
lever arrangement acts to move the intermediate member with
respect to the base.

5. An article of furniture as claimed in claim 1 wherein the
intermediate support is arranged to move in a linear motion
with respect to the base.

6. An article of furniture as claimed in claim 1 wherein the
back support is pivotally connected to the intermediate sup-
port by at least one connecting lever pivotally connected to
the intermediate support.

7. An article of furniture as claimed in claim 6 wherein said
connecting lever includes the guide of the second guide
means and accommodates said follower, or said connecting
lever includes the follower of the second guide means and the
base support includes the guide.

8. An article of furniture as claimed in claim 6 wherein the
second guide means provides a fulcrum point for the connect-
ing lever.

9. An article of furniture as claimed in claim 8 wherein the
fulcrum is fixed with respect to the base.

10. An article of furniture as claimed in claim 1 wherein the
guide comprises a slot, groove, track in which said follower is
located.

11. An article of furniture as claimed in claim 1 wherein the
follower comprises one of a roller and a bearing.

12. An article of furniture as claimed in claim 1 wherein the
base comprises a chassis on which the intermediate support is
movably mounted.

13. An article of furniture as claimed in claim 1 further
comprising a seat support or lower body support fixed with
respect to the intermediate support.

14. An article of furniture as claimed in claim 1 wherein the
first guide means includes at least one guide associated with
one of the base and intermediate support and at least one
follower associated with the other of the base and intermedi-
ate support.

15. An article of furniture as claimed in claim 14 wherein
the guide of the first guide means is associated with the
intermediate support and the follower is associated with the
base, or vice versa.
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16. An article of furniture as claimed in claim 1 wherein the
guide of the second guide means is associated with the back
support and the follower is associated with the base, or vice
versa.

17. An article of furniture as claimed in claim 1 wherein the
intermediate support includes a pair of lateral side panels, and
wherein the side panels include a guide of the first guide
means.

18. An article of furniture as claimed in claim 17 wherein
the guides are provided as respective slots in the side panels.

19. An article of furniture as claimed in claim 18 wherein
each panel includes a pair of said slots which are inclined to
guide the intermediate support upwards and forwards with
respect to the base when the back support is pivoted down-
wards from an upright or partially reclined position.

20. An article of furniture as claimed in any of claim 16
wherein the back support is pivotally connected to the respec-
tive lateral side panels.

21. An article of furniture as claimed in claim 1 wherein the
intermediate support comprises an outer support and the base
comprises an inner support, or vice versa.

22. Anarticle of furniture as claimed in claim 1 where in the
furniture comprises a recliner chair or multiple seat sofa
having one or more recliner seats.

23. An article of furniture as claimed in claim 22 wherein
the back support comprises the backrest of the recliner chair,
the intermediate support comprises the movable frame of the
chair including the seat or seat support and/or arm or arms of
the chair, and the base support provides at least part of a floor
stand.

24. An article of furniture as claimed in claim 22 wherein
said first and second guide means are provided at both lateral
sides of the chair, or recliner seat of a multiple seat sofa, such
that the or each seat is supported and guide by said guide
means on both sides thereof.

25. An article of furniture as claimed in claim 22 further
comprising a foot rest movable between a stowed and a
deployed position, wherein the foot rest is pivotally con-
nected to a linear actuator means for deployment and retrac-
tion thereof.

26. An article of furniture as claimed in claim 25 wherein
said linear actuator means comprises slide means extendable
from a concealed position on the underside of the item of
furniture.

27. An article of furniture as claimed in claim 26 wherein
the slide means is movable in an inclined direction to raise the
position of the pivot between the actuator means and the foot
rest when the foot rest is deployed.

28. An article of furniture as claimed in claim 27 wherein
said slide means comprises a draw like arrangement with
guides on respective sides for sliding the drawer along the
guides.

29. An article of furniture as claimed in claim 25 wherein
the foot rest further comprises flexible attachment means
connected between the foot rest and a fixed anchorage posi-
tion on the article of furniture such that extension of the
actuator causes the footrest to deploy to a position where
tensioning of the attachment means occurs which generates a
turning moment on the footrest to turn the foot rest about its
pivot axis so that it lies in a substantially horizontal plane.

30. An article of furniture as claimed in claim 25 wherein
the foot rest is pivotally connected to the linear actuator at or
adjacent to a point on said footrest between an upper and
lower edge thereof.

31. An article of furniture as claimed in claim 25 wherein
the foot rest is biased outwards to its deployed position by
biasing means.
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32. An article of furniture as claimed in claim 30 wherein
said biasing means comprises at least one constant force
spring.

33. An article of furniture as claimed in claim 1, further
comprising:

a foot rest movable between a stowed position and a
deployed position by linear actuator means comprising
slide means and at least one constant force spring for
biasing the slide means in a direction to deploy the
footrest from its stowed to its deployed position.

34. An article of furniture as claimed in claim 1 wherein:

the item of furniture comprises an adjustable bed.

35. An article of furniture as claimed in claim 34 wherein:

the said back support includes the adjustable backrest of
the bed, the intermediate support includes a movable
frame or carriage of the bed on which adjustable and
non-adjustable body support sections are mounted, and
the base support provides at least part of a floor stand or
plinth on which the bed is supported.

36. An article of furniture as claimed in claim 34 wherein:

said first and second guide means are provided at both
lateral sides of the bed such that the adjustable sections
is supported and guided by said guide means on both
sides of the bed.

37. An adjustable furniture system, comprising:

a base;

an intermediate support;

a back support;

said base being operably linked to said intermediate sup-
port;

said back support being operably linked with said interme-
diate support;

said intermediate support being slidably guided by a first
guide means operably for movement relative to said
base;

said back support and said intermediate support being
simultaneously guided during a use by a second guide
means by a movement of said base from a first position
to a second position;

said second guide means including at least one guide oper-
ably associated with one of said base support and said
back support, the at least one guide of the second guide
means being shaped as an arcuate curve having no
inflection point, and at least one follower operably
linked with said other of said base support and said back
support; and

whereby the back support is pivotably mounted for move-
ment with respect to the intermediate support and the
first and said second guide means are operably arranged
such that, during said use, a relative movement of said of
said base from said first to said second position pivots
said back support relative to said intermediate support
urging said intermediate support to move operable with
respect to said base.

38. An adjustable furniture system, according to claim 37,

further comprising:

a sliding fulcrum system comprising said first guide means
and said second guide means being operably to transfer
a motive force during said use.

39. An adjustable furniture system, according to claim 38,
further comprising: a foot rest system operably linked with
said base; said foot rest system further comprising a flexible
attachment means operably joining a foot rest and a fixed
anchorage position on said adjustable furniture system,
whereby extension of said intermediate member operably
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causes said footrest to deploy from a first position to a second
position thereby increasing a tension of said flexible attach-
ment means.

40. A method for operating an adjustable furniture system,
comprising the steps of: providing a base; providing an inter-
mediate support; providing a back support; operably linking
said base to said intermediate support; operably linking said
back support with said intermediate support; slidably guiding
said intermediate support by a first guide means operably for
movement relative to said base; simultaneously guiding said
back support and said intermediate support during a use by a
second guide means by a movement of said base from a first
position to said second position; providing said second guide
means with at least one guide operably associated with one of
said base support and said back support, the at least one guide
of the second guide means being shaped as an arcuate curve
having no inflection point, and at least one follower operably
linked with said other of said base support and said back
support; and pivotably mounting the back support for move-
ment with respect to the intermediate support and the first and
said second guide means provided operably arranged such
that, during said use, a movement of said of said base from
said first to said second position pivoting said back support
relative to said intermediate support and urging said interme-
diate support to move operable with respect to said base.

41. A method for operating an adjustable furniture system,
according to claim 40, further comprising the step of: provid-
ing a sliding fulcrum system comprising the step of operating
said first guide means and said second guide means and
transferring a motive force relative to said first guide means
and said second guide means during said use.

42. A method for operating an adjustable furniture system,
according to claim 40, wherein: said second guide means
includes a curvilinear member having at least one extending
curved section.

43. A method for operating an adjustable furniture system,
according to claim 40, further comprising the steps of: pro-
viding a foot rest system operably linked with said base; and
wherein said foot rest system further comprising a flexible
attachment means operably joining a foot rest and a fixed
anchorage position on said adjustable furniture system,
whereby extension of said intermediate member operably
causes said footrest to deploy from a first position to a second
position thereby increasing a tension of said flexible attach-
ment means.

44. An article of adjustable furniture comprising; a base; an
intermediate support; and a back support, the intermediate
support being guided for movement relative to the base by
first guide means, the back support being guided for move-
ment relative to both the base and intermediate support by
second guide means, said second guide means including at
least one guide associated with one of the base support and the
back support and at least one follower associated with the
other of the base support and the back support; whereby the
back support is mounted for pivotal movement with respect to
the intermediate support and the first and second guide means
are arranged such that, in use, pivoting of the back support
relative to the intermediate support causes the intermediate
support to move with respect to the base, wherein the back
support is pivotally connected to the intermediate support by
at least one connecting lever pivotally connected to the inter-
mediate support, wherein the second guide means provides a
fulcrum point for the connecting lever, and wherein the ful-
crum is fixed with respect to the base.

45. An article of adjustable furniture comprising; a base; an
intermediate support; and a back support, the intermediate
support being guided for movement relative to the base by
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first guide means, the back support being guided for move-
ment relative to both the base and intermediate support by
second guide means, said second guide means including at
least one guide associated with one of the base support and the
back support and at least one follower associated with the
other of the base support and the back support; whereby the
back support is mounted for pivotal movement with respect to
the intermediate support and the first and second guide means
are arranged such that, in use, pivoting of the back support
relative to the intermediate support causes the intermediate
support to move with respect to the base, wherein the inter-
mediate support includes a pair of lateral side panels, and
wherein the side panels include the guides of the first guide
means which guides accommodate the respective followers,
and wherein the guides are provided as respective slots in the
side panels.

46. An article of furniture as claimed in claim 45 wherein:
each panel includes a pair of said slots which are inclined to
guide the intermediate support upwards and forwards with
respect to the base when the back support is pivoted down-
wards from an upright or partially reclined position.
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